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ABSTRACT 
The overall IT investments made by a firm can be viewed as a portfolio. One challenging 
decision thus is the selection of a superior IT portfolio. The main proposal of this dissertation is 
that the characteristics of IT project investment could influence the quality of IT portfolio choice. 
The methodology of this dissertation is primarily based on the simulation modeling methodology. 
This dissertation develops the approaches to characterizing a set of candidate IT project 
investments and simulating these characteristics. In addition, this dissertation develops the 
models to select the optimal IT portfolio choice. The first chapter in this dissertation investigates 
the selection characteristics of IT project investment: The second chapter in this dissertation 
investigates the value characteristics of IT project investment. 
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Chapter 1 − IT PROJECT INVESTMENT SELECTION 
CHARACTERISTICS AND PORTFOLIO CHOICES 
1. Introduction  
Information technology (IT) has greatly changed the landscape of corporate governance in the 
past two decades. From data processing through information management to business analytics, 
the evolution of IT has never stopped. Nowadays, IT is not only for implementing those must-do 
business routines but also for supporting business initiatives. Traditionally, firm used to govern 
IT investment from a cost-center perspective. Nonetheless, after the passage of the Sarbanes-
Oxley Act, public firms in the U.S. are forced to take on more fiscal accountability to their 
shareholders. Several instances including Enron in 2001 and Lehman Brothers in 2008 have 
proven how devastating it could be without the governance of investment in a firm. Since IT 
investment can be as high as 20% of the revenue in a firm, the governance of IT investment is 
definitely needed.  
IT portfolio management is a key component of IT governance (Weill & Ross, 2004). IT 
portfolio management aims to assure that IT investment can perform according to the plans and 
strategies in a firm. After a systematic review of prior literature, surprisingly, we found that the 
research pertaining to the theory of IT portfolio management is extremely limited. For example, 
we searched many terms including “IT portfolio” and “IT investment” by using several 
information sources (e.g., IS Wiki 1 ; Handler, 2005; Information Technology Governance 
Institute report, 2011), and derive simply the following results pertaining to the theories of IT 
portfolio management.  
                                                 
1
 Larsen, K. R., Allen, G., Vance, A., Eargle, D. (2014). “Theories Used in IS Research” Wiki. 
http://istheory.byu.edu. 
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“… Portfolio theory is concerned with risk and return.… To improve the 
business benefit of IT investment, IT assets should be managed as 
financial portfolio …”  
It is thus very evident that there are still a lot of unknowns in this area. As seen in the results, the 
existing literature assumes that IT assets can be managed as a financial portfolio. Accordingly, it 
is generally overlooked that the investment characteristics can largely differ between IT assets 
and financial assets. More importantly, the degree of difference would vary across firms. Since 
no prior research has ever investigated such an issue, a series of very basic but fundamentally 
important questions remain unanswered, precluding the progress of IT portfolio management. 
For example, is there any boundary condition for managing IT asset as financial portfolio? If so, 
what would be the impact on a firm? How could managers respond to it?  
The objective of this paper is to investigate whether, and if so, how the IT project investment 
characteristics would influence the quality of IT portfolio choices (alternatives). From the 
business news and our observation in practice, we found that firms have very different IT project 
investment portfolios and their performances vary a lot. In view of this fact, we expect that the 
investment characteristics of candidate IT projects can affect the quality of IT portfolio choices, 
thus providing one explanation why IT portfolio performance varies across firms.  
In this paper, we equate the quality with the return-risk efficiency (Markowitz, 1959). As for the 
investment characteristics, we investigate the scalability, budget, and heterogeneity. Our 
methodology is based on the approach of computational simulation and experiment. We model 
the investment characteristics of IT project investments in a firm and then conduct computational 
experiments to examine our propositions and conjecture. Moreover, the experimental data as 
model input is the simulated data. Our simulation approach is based on the Monte Carlo method. 
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Particularly, the simulation seed is obtained by a set of real-world IT project investment data 
from our research site, a Fortune 500 company that primarily provides services in the financial 
industry. We feed the simulator with the seed to propagate thousands of real-world-like IT 
project investment data.  
The finding of this paper implicates that a firm can adopt the following strategies to increase the 
potential to obtain a superior IT portfolio. Firstly, a firm can consider improving the scalability 
of IT project investments. Secondly, a firm can consider increasing the budget for 
accommodating more IT project investments. Thirdly, a firm can consider collecting more 
heterogeneous IT project investments. Our experiment results show the three strategies can all 
increase the quality of IT project investment portfolio choices. 
The findings of this paper can significantly complement the prior literature on IT portfolio 
management (ITPM) and advance the theories pertaining to IT investment governance. Among 
the related research (Sambamurthy & Zmud, 1999; Weill & Ross, 2004; Anal & Weill, 2007; 
Xue et al., 2012), this paper is the one of very few that investigates the IT portfolio performance 
from the portfolio choice quality perspective. Moreover, this paper’s usage of combining field-
collected data with simulation can supplement the prior IT value literature focused on the ex-post 
evidence and enrich the extant IS methodologies in IT portfolio research. 
In this research, we adopt the methodology (Figure 1.1) based on the simulation modeling 
approach in organizational and management research (Harrison et al., 2007). In prior literature, 
computational approach is a very effective approach under the condition that sufficient empirical 
evidence is too costly to collect (Green at al., 2010; Nan, 2011; Piramuthu & Shaw, 1998; Sikora 
& Shaw, 1988; Tu et al., 2009).  
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The rest of the paper is thus organized as follows. In section 1.2, we review the related literature, 
define the IT project investment selection characteristics including scalability, budget, and 
heterogeneity conditions, and present our propositions and conjecture. In section 1.3, we present 
the model of IT project investment portfolio choice. In section 1.4, we show our computational 
experimental design, real-world data collection and numerical simulation processes, and more 
importantly, the resultant analysis and findings. In section 1.5, we discuss the implications and 
limitations of the paper. 
 
2. Theoretical Background 
IT portfolio management (ITPM) aims to manage IT assets as a whole similar to financial 
portfolio (McFarlan, 1982; Weill & Aral, 2006; Bardhan et al., 2010). IT portfolio management 
is expected to improve the performance of IT investment (Jeffrey & Leliveld, 2004). However, 
how the boundary condition would influence the efficacy of IT portfolio management remains 
unknown in prior literature.  
The research that addresses the issues of portfolio choice quality has been very rare. In this 
dissertation, the choice is equivalent to the alternative for a decision. Specifically, I am focused 
on the situation where a firm is able to carefully select from candidate choices to make an 
investment decision. Moreover, the choice is at portfolio level. For example, given IT project 
investments A, B, and C, a firm can consider at least 8 portfolio-level choices {}, 
{A},{B},{C},{AB},{AC},{BC}, and {ABC}. In a dictionary, quality is generally defined as 
how good or bad something can be (Merriam-Webster, 2014). Similarly, the quality of portfolio 
choice can be defined as how superior or inferior a choice can be. According to the financial 
modern portfolio theory (Markowitz, 1959), the portfolio choice quality can be evaluated by the 
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portfolio choice return and risk (i.e., the risk’s conditional value). The portfolio choice that 
involves greater return and less risk is considered superior (more efficient) to the portfolio choice 
that involves less return and greater risk. Similarly, the portfolio choice that involves greater 
return is considered superior to the portfolio choice that involves less return, if both choices 
involve the same level of risk. Moreover, the financial modern portfolio theory (Markowitz, 
1959) implies that the quality of financial portfolio choice is consistent across firms, because any 
investor is given the equal opportunities to derive portfolio efficient frontier where the portfolio 
choice can be at the greatest quality level. However, the financial modern portfolio theory is built 
under the assumption of market. It is the market that maintains the freedom of investing in an 
asset is indifferent across firms. For example, the basic investment unit of every financial stock 
is share. This means that every financial stock can be traded at many alternative funding levels, 
so that the quality of portfolio choice can be consistently maximized.  
 
2.1 IT Project Investment Scalability 
Accordingly, we propose that the scalability of IT project investment would affect the quality of 
IT project investment portfolio choice in a firm. Conceptually, scalability refers to the capability 
of being contracted or expanded. In the prior IS literature, the system scalability is a flexibility of 
changing system scope and size (Braa et al. 2007). For example, a scalable system means a 
system that can serve changeable amount of system user, geographical areas for system use, etc. 
In other words, if an IT project is very scalable, it could own adjustable scope and size. 
Moreover, since the performance of IT project deliverable are correlated with the scope and size 
of IT project, a scalable IT project investment is capable of being funded at multiple alternative 
levels to generate the corresponding return. For example, a cloud-sourcing IT project could be 
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very scalable and provide very flexible investment funding levels. One elemental value 
proposition of cloud computing is the elastic pricing based on the level of requirements (e.g., 
service level agreement). This feature implies that the scope and the scale of such an IT project 
can be expanded and contracted according to many different funding levels on demand. On the 
contrary, if an IT project is not scalable at all, it could be funded at one funding level to generate 
return (e.g., Yes-or-No funding options). For example, a built-in-house IT infrastructure project 
is often not scalable if the desired outcome of its deliverable is integral rather than divisible. 
Such an IT project often requires a fixed amount of investment in order to generate return and 
thus can provide only very limited funding levels. 
The classical resource theory implicates that resource indivisibility could preclude a firm from 
attaining the equilibrium where a firm can hardly use its resources more profitably, if resource is 
not marketable (i.e., market liquidity) (Penrose, 1959; Teece, 1989). For example, machine is 
indivisible and thus it is very difficult to make the best use of multiple machines (i.e., the 
resource use equilibrium), if the unused machine productivity cannot be sold to market. In other 
words, the lack of resource divisibility and marketability could limit a firm to achieve the best 
use of a bundle of resources. However, the situation might change, if the productivity of machine 
can be flexibly purchased as the share of financial stock. If so, a firm can just acquire the needed 
productivity accordingly without concerning the unused productivity.  
As discussed, the share of financial stock is actually an investment characteristic that enables an 
investor able to invest in one financial stock at many alternative funding levels. From the 
perspective of the classical resource theory, such an investment characteristic can be viewed as a 
special resource use condition. Under the condition, a firm can still acquire the choice for 
achieving the best use a bundle of resources, even if the resource is indivisible and non-
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marketable. Conceptually, the best resource use choice is equivalent to the portfolio choice at the 
greatest quality level. Thus, if an IT project is more scalable, the investment in IT project can be 
funded at more alternative levels. If so, there would be more opportunities to derive the portfolio 
choice with superior quality. By synthesizing the discussion, my first proposition is as follows.  
Proposition 1: Higher scalability in candidate IT project investments leads to superior 
portfolio choice quality in a firm. 
 
2.2 IT Project Investment Budget  
Second, we propose that the investment budget for candidate IT project investments would affect 
the quality of IT project investment portfolio choice in a firm. It is known that the budget for the 
IT investment in a firm has been changeable. For example, many firms managed to adjust the 
upper limit of IT investment budget when economic prospects changed (Gartner Research, 2013; 
Computer Week, 2009). In the prior IS literature, budget was investigated at either firm level or 
project level. For example, IT budget (or IS budget) is often viewed as a proxy of the size of 
IT/IS function in a firm (Lacity et al., 1998) (Lee et al., 2004). At project level, budget is 
primarily associated with the cost escalation issues in IT artifact development (e.g., computer 
software) (Keil, 1995). Moreover, according to the consumer theory, a budget constraint 
represents all the combinations of goods and services that any consumer may purchase (Levin & 
Milgrom, 2004). In other words, if we view each IT project investment as a product, the budget 
constraint would determine the combination of IT project investments that a firm can select. 
From such a perspective, we can define that, under the condition where the budget can 
accommodate most candidate IT project investments, a firm has a higher budget. Relatively, 
under the condition that the budget can accommodate only minor candidate IT project 
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investments, a firm has a lower budget. More importantly, we thus can reason that the level of 
budget must be positively correlated with the number of candidate portfolio choices in a firm. 
Since more choices can generally lead to more opportunities to obtain a better portfolio, we 
derive our second proposition. 
Proposition 2: Higher budget for candidate IT project investments can leads to superior 
portfolio choice quality in a firm. 
 
2.3 IT Project Investment Heterogeneity 
Third, we propose that the investment heterogeneity of candidate IT project would affect the 
quality of IT project investment portfolio choice in a firm. In the prior IS literature, heterogeneity 
is conceptually used for describing the dissimilarity among the components of a system. 
Heterogeneity has many synonyms including diversity and variety. For example, whether project 
participants own diversified education backgrounds is found to be critical in the success of IS 
development project (Liang et al., 2011). Also, whether the information can be collected from 
various sources is considered the key to making a better decision (Wu, 2013).  
In this dissertation, I use the heterogeneity to represent the dissimilarity in a set of candidate IT 
project investments. Specifically, the dissimilarity refers to the difference among the values of IT 
project investment attributes.  According to the classical utility theory, the similarity between a 
pair of goods can be determined by the marginal utility of goods consumed. If the goods are 
completely identical, the marginal utility would decrease. Thus, the degree of diminishing 
marginal utility implies the degree of the substitution for goods (Nehring & Puppe, 2002). 
Following such a perspective, if choices can be viewed as goods, I reason that the similarity 
between the choices would affect their overall utilities in terms of providing a better decision 
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solution. In the context of IT portfolio, for example, if there are two sets of candidate IT project 
investments for portfolio selection: set ABC, and set DEF. For set ABC, IT project investment A 
is associated with the cost $2M, IT project investment B is with $2M, and IT project investment 
C is with $2M, so there would be four different choices for portfolio cost consideration: $0M 
({}), $2M ({A}, {B}, {C}), $4M ({AB},{BC},{AC}), or $6M ({ABC}). For the set DEF, IT 
project investment D is associated with the cost $1M, IT project investment E is with $2M, and 
IT project investment F is with $3M, so there would be seven different choices for portfolio cost 
consideration: $0M ({}), $1M ({A}), $2M {(B)}, $3M ({AB},{C}), $4M {(AC)}, $5M ({BC}), 
or $6M ({ABC}). Hence, as compared to set ABC, set DEF can generate more different choices 
and thus involve greater potential to provide better decision solution. Namely, the dissimilarity 
can refer to the degree of substitution. Thus, if we equalize the degree of heterogeneity with the 
degree of substitution, we can reason that more heterogeneous choices are more unique and thus 
non-substitutable. More heterogeneous choices would involve lower redundancy and thus 
capture more opportunities to meet decision objectives. Similarly, in terms of IT portfolio 
decision, if the investment estimates of candidate IT projects are more heterogeneous, there 
could be more dissimilar portfolio choices and thus more opportunities to derive better decisions. 
As a result, we derive our conjecture 1. 
Conjecture 1: Greater heterogeneity in candidate IT project investments leads to superior 
portfolio choice quality in a firm. 
In the next sections, we model IT project investment portfolio choice in a firm in order to 
observe its quality and examine our propositions and conjecture. 
10 
 
3. Model Development 
Project portfolio model aims to sort out a “best” set of projects, rather than a set of “best” 
projects. There is a difference between the project ranking model and the project portfolio model. 
Seemingly, the project ranking model is one effective method for supporting a firm in selecting a 
project portfolio. In prior literature, many studies investigate a variety of project ranking 
methods including the scoring model and the checklist model (Lucas & Moore, 1976; Bacon, 
1992; Dickinson et al., 2001). The project ranking model is easy to use and understandable to 
many mangers. Theoretically, however, the project ranking model can hardly turn out the best 
solution for allocating limited resources to multiple projects. This is largely because it is 
restricted to considering each individual project one at a time, while the project portfolio model 
is able to consider multiple projects simultaneously. In other words, the difference between the 
scopes of their problem-solving domains determines the solution superiority. In the early years, 
the project portfolio model was primarily focused on solving single-objective decision problems 
(Freeman, 1960; Backer & Pound, 1964; Backer, 1974). For example, many studies investigate 
how to select a project portfolio whose cost can be at the lowest level under constraints such as 
labor hours, machine hours, etc. In the real world, however, a firm sometimes has to consider 
multiple objectives for selecting a project portfolio. This means that conflicting objectives would 
be unavoidable because the resource to be allocated is always limited. In other words, it is very 
difficult to select a “best” project portfolio for a firm. Moreover, the Utility-based function is one 
typical solution for addressing multiple-objective decision problems. This is because the utility 
function can be viewed as a common denominator for comparing many objectives. In terms of a 
project portfolio selection problem, for example, a firm can normalize the different values of 
various objectives through the use of a utility function. Consequently, a firm is able to transform 
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the original multiple-objective decision problem into a single-objective decision problem and 
solve it. To a certain degree, however, the utility-based solution is hard to implement in a firm. 
This is largely due the bounded rationality of human beings. For example, most people could 
simply measure the utility value for a handful of objects. This is also why Mehrez et al. (1982) 
indicate that the utility-based solution can be effective to address only a small-scale project 
selection problem. Another common solution for tackling the resource allocation problems that 
involve more than one objective is the goal programming model. This sort of model can be 
suitable for dealing with a large-scale project selection problem. To apply it to selecting a project 
portfolio, for example, a firm is required to prioritize these objectives. Next, the model will try to 
meet the objective at the first priority and then the one at the second priority. From our 
observation in practice, however, this model could prevent a firm from using analytics to 
improve the quality of project portfolio decision-making. One reason is that the possible tradeoff 
among the project portfolio objectives can be hardly negotiable in this model. For example, if 
profit maximization is the first-priority objective and risk minimization is the second-priority 
objective, the model can hardly allow a firm to consider sacrificing some profit in order to 
decrease some risk for a project portfolio. As a result, the goal programming model can provide 
only very restricted solutions for a firm to select a project portfolio. Overall, the balance-based 
model provides a non-dominated solution for addressing the multiple-objective project selection 
problem (Graves & Ringuest, 2003). Specifically, the balance can be defined as a status where 
any change of the decision cannot improve on meeting one objective without sacrificing the 
fulfilment of any other objectives. In other words, the model aims to derive a series of superior 
solutions, while none of them can be the absolute best solution. For example, the efficient 
frontier of Markowitz’s model is made of a series of balanced portfolio choices. In short, under 
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the consideration of the tradeoff among objectives, the balance-based model can be generally 
very effective in improving the quality of portfolio decision-making in a firm. 
We model IT project investment portfolio choice by adopting the return-risk balance criteria 
(Markowitz, 1959). In this model, we use the projected NPV to evaluate the return of IT project 
portfolio. Many firms adopt financial approaches to evaluating the return of a project. These 
financial approaches include traditional cash-flow-based methods (e.g., NPV) and more 
advanced models (e.g., real options) (Benaroch & Kauffman, 1999; Fichman, 2004; Kumar et al., 
2008). Moreover, the NPV evaluation of IT project investment is relatively subjective as 
compared to the evaluation of other traditional financial assets, such as financial stock. Many 
firms depend on heuristics to conduct such an evaluation. In our research site, for example, the 
financial experts consider decreased training time, reduced call time, and reduced staff needs to 
assign the NPV to an IT project investment in improving the knowledge management capability 
of its call center. As a result, the return of IT project investment portfolio return is the sum of 
componential IT project investment NPV and presented as follows2. 
∑
=
n
i
iixv
1
 
 
Where, 
 
i =1, 2,..n, ix : the selection variable of IT project investment i; iv : the NPV of IT 
project investment i . 
(1) 
 
Moreover, we view the risk of IT project investment as a function of uncertainty and negative 
impacts. Such impacts result from failing to meet IT project investment objectives, such as time 
and scope. On the basis of the utility theory, we can measure the impact as the gap between the 
                                                 
2
 In this dissertation, I follow the traditional definition of NPV 
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utility of the realized outcome and the utility of the objective outcome (Browning et al. 2002). 
Many industrial frameworks for project risk management also adopt similar approaches to 
quantifying the project investment risk, such as the expected loss defined by PMI (Project 
Management Institute). Accordingly, we model the risk of IT project investment as one value for 
representing the expected negative impact (i.e., the sum of the products of the probability and the 
impact for negative consequence), as follows. 
i
n
i
i xr∑
=1
  
 
Where, 
 
i =1, 2,..n, ix : the selection variable of IT project investment i; ir : the risk of IT 
project investment i; 
(2) 
 
 
We view the cost of IT project investment as the sum of the cost of the associated resources. For 
each IT project investment, a firm can estimate the resources for completing an IT project and 
maintaining its outcome. For example, many IT practitioners would employ a stream of tools 
including WBS (Work Breakdown Structure) to help make the estimates. Thus, the cost of IT 
project investment portfolio is the sum of componential IT project investment cost and presented 
as follows. 
∑
=
n
i
iixc
1
 
 
Where, 
 
i =1, 2,..n, ix : the selection variable of IT project investment i; ic : the projected cost of 
IT project investment i ; 
(3) 
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Our complete model can provide the IT project investment portfolio choice with maximized 
return, given budgetary constraint and risk tolerance level (4). The risk tolerance level means the 
degree of risk in IT project investment portfolio that a firm is willing to take. A firm’s risk 
tolerance level is function of the first and second derivatives of a firm’s utility function (Pratt, 
1964). The parameter λ  that is derived from the Lagrange transformation method can present 
the expected trade-off between the return and the cost in the decision making of IT project 
investment portfolio in a firm. 
Max ( )0
1
Cxcxv ii
n
i
ii −−∑
=
λ
 
(4) 
S.t. 0Rxr ii ≤   
Where, 
 
 i =1, 2,..n, ix : the selection variable of IT project investment i; iv : the projected NPV 
of IT project investment i ; ic : the projected cost of IT project investment i ;: the 
projected loss of IT project investment i; 0C : the portfolio budgetary constraint; 0R : 
the portfolio risk tolerance level ; λ: Lagrange multiplier 
 
 
 
4. Experiment Design and Result 
We design the experiment to examine our propositions. We collect the probability of capturing 
the qualified portfolio choice under scenarios as the experiment results. We use the calibrated 
baseline efficiency as a threshold value. Thus, if there is an optimal portfolio choice and its 
efficiency can be greater than that threshold value, it is qualified; otherwise, it is not. By 
comparing between the results of a pair of scenarios, we can tell if the significant difference 
between them is valid so as to support our propositions.  
15 
 
4.1 Settings 
We run the optimization software (Lindo) on a personal computer (Intel Duo 2.8G CPU with 
8GB RAM) to implement our computational experiment. We use 900 datasets in 30 experimental 
iterations (30 data sets per iteration). There are 300 data sets where the number of candidate IT 
project investments is 30, there are 300 data sets where the number of candidate IT project 
investments is 60, and  there are 300 data sets where the number of candidate IT project 
investments is 90. The data is simulated data. In our research site, firstly, we collect one set of IT 
project investment data as our simulation seed (i.e., real-world dataset). Our research site is a 
Fortune 500 company that primarily provides services in the financial industry. In the real-world 
dataset, each IT project investment is associated with the attributes of return, risk, and cost. The 
return value is estimated by the company’s financial experts using a financial model (NPV). In 
this paper, we filter out the IT project investment that is associated with no value. The risk value 
is estimated by the company’s department manager using a scoring approach (e.g., score 1 as the 
lowest risk and score 100 as the highest risk). The cost value is estimated by the company’s IT 
project manager and department manager based on the monetary value of the related resource to 
be consumed (e.g., man-hours, equipment, etc.). We then use these values to feed our simulation 
to propagate the numerical data input in our experiment. We simulate the attributes’ values of IT 
project investment based on the normal distribution (Gaussian distribution). 
Moreover, we use the value/risk ratio to decide the quality of IT project investment portfolio 
choice. The ratio is analogous to the sharp ratio (Sharpe, 1994), which is a common portfolio 
performance index in finance. First, we define a threshold ratio, the ratio of the original set of IT 
initiatives before selection. Next, we compute the ratio of the optimal IT investment choice 
selected by the proposed optimization model. Finally, only if the ratio of the optimal choice is 
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greater than that of the threshold ratio, we count it as a superior IT investment allocation. For the 
output variables, we set the binary and continuous decision variables ( ix ) in our proposed model 
to simulate the two different conditions of IT project investment scalability in proposition 1. For 
proposition 2, we use different cost constraints in our proposed model to simulate the two 
different conditions of IT project investment budget. For conjecture 1, we feed our proposed 
model with the various values of IT project investment attributes (e.g., return, risk, and cost). 
One important feature of the simulated data is the command of data variation. Thus we use 
different parameters of dispersion (i.e., variance) in the process of data simulation to control the 
difference between the attributes’ values. In this way, we are able to simulate the two different 
conditions of IT project investment heterogeneity. 
 
4.2 Scenarios 
Accordingly, we design the experiment scenarios to represent the conditions of IT project 
investment in our propositions. Each scenario thus refers to a combination of the investment 
selection characteristics presented in a set of candidate IT project investments. Our experiment 
scenarios are summarized as follows: scenario 1 (Hf), scenario 2 (Lf), scenario 3 (Hb), scenario 4 
(Lb), scenario 5 (Hh), and scenario 6 (Lh). In scenario 1, candidate IT project investment is 
given very high investment scalability (Hf). We simulate the condition that IT project investment 
can generate proportional return according to the amount of investment allocated. In scenario 2, 
candidate IT project investment is given very low investment scalability (Lf). We specifically 
simulate the condition that IT project investment cannot generate any return until the full amount 
of the investment is allocated. Overall, in scenarios 1 and 2, the investment budget and the 
investment heterogeneity conditions are set to be random. In scenario 3, candidate IT project 
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investment can provide very low investment scalability and the investment budget is high (Hb). 
We specifically simulate the condition that the budget can accommodate about 75% of the entire 
cost of overall candidate IT project investment. In scenario 4, candidate IT project investment 
can provide very low investment scalability and the investment budget is low (Lb). We 
specifically simulate the condition that the budget can accommodate about 25% of the entire cost 
of overall candidate IT project investments. Overall, in scenarios 3 and 4, the investment 
scalability and heterogeneity conditions are set to be random. In scenario 5, candidate IT project 
investment is given very low investment scalability, the investment budget is high, and the 
investment heterogeneity is high (Hh). We specifically simulate the condition that candidate IT 
project investment largely differ in their attributes values. In scenario 6, candidate IT project 
investment is given very low investment flexibility, the investment budget is high, and the 
investment heterogeneity is low (Lh). We simulate the condition that candidate IT project 
investment slightly differs differ in their attributes values. Overall, in scenarios 5 and 6, the 
investment scalability and the investment budget conditions are set to be random. 
 
4.3 Results 
The experiment results under each scenario are shown in table 1.1, 1.2, and 1.3. The result is the 
number in each table field that represents the probability of generating qualified IT portfolio 
choice (per 30 data sets). In the bottom line, we compute the overall average probabilities, and 
their standard deviations in the parentheses. 
The experiment results from scenario 1 and scenario 2 can support our proposition 1. Generally, 
the qualified IT portfolio choice probability is scenario 1 is greater than that in scenario 2, as 
seen in figure 1.2. The detail information is listed in table 1.1. In other words, if the candidate IT 
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project investment is given higher investment scalability, it is more likely to derive the portfolio 
choice that involves superior investment allocation efficiency. If the candidate IT project 
investment is given lower investment scalability, it is less likely to derive the portfolio choice 
that involves superior investment allocation efficiency. Overall, these results thus are consistent 
with our proposition 1 that condition of candidate IT project investment flexibility would affect 
the quality of IT project investment portfolio choice. 
The experiment results from scenario 3 and scenario 4 can support our proposition 2. Generally, 
the qualified IT portfolio choice probability is scenario 3 is greater than that in scenario 4, as 
seen in figure 1.3. The detail information is listed in table 1.2. In other words, if a set of 
candidate IT project investments is with greater budget, it is more likely to derive the portfolio 
choice that involves superior investment allocation efficiency. If a set of candidate IT project 
investments is with less budget, it is less likely to derive the portfolio choice that involves 
superior investment allocation efficiency. Overall, these results thus are consistent with our 
proposition 2 that condition of candidate IT project investment scalability would affect the 
quality of IT project investment portfolio choice. 
The experiment results from scenario 5 and scenario 6 can support our conjecture 1. Generally, 
the qualified IT portfolio choice probability is scenario 5 is greater than that in scenario 6, as 
seen in figure 1.4. The detail information is listed in table 1.3. In other words, if a set of 
candidate IT project investments is given higher heterogeneity, it is more likely to derive the 
portfolio choice that involves superior investment allocation efficiency. If a set of candidate IT 
project investments is given lower heterogeneity, it is less likely to derive the portfolio choice 
that involves superior investment allocation efficiency. Overall, these results thus are consistent 
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with our conjecture 1 that the condition of candidate IT project investment heterogeneity would 
affect the quality of IT project investment portfolio choice. 
Next, we conduct a statistical test to examine the reliability of our experiment results. We use 
pairwise t-tests, which can provide confidence intervals about the difference between two means, 
in order to check for statistical significance of differences among our experiment results. We 
considered all possible pairs of the averaged results in all scenarios, as seen in table 7. In 
particular, we found that the results in scenario 1 and 2 are statistically significantly different 
from each other; the results in scenario 3 and 4 are statistically significantly different from each 
other; the results in scenario 5 and 6 are statistically significantly different from each other. In 
other words, these p-values can support the reliability of our experiment results (Table 1.4).  
Moreover, we list the all the experiment results, given the different number of candidate IT 
project investments. As seen in Figure 1.6, the results in scenario 1 and 2 are consistently and 
significantly different from each other, regardless the change of the number candidate IT project 
investments. As seen in Figure 1.7, the results in scenario 3 and 4 are consistently and 
significantly different from each other, regardless the change of the number candidate IT project 
investments. As seen in Figure 1.8, the results in scenario 5 and 6 are consistently and 
significantly different from each other, regardless the change of the number candidate IT project 
investments. 
In summary, the experiment results show that, if the scalability of candidate IT project 
investments is higher, the potential to obtain a superior IT portfolio choice that can maximize 
return given the risk tolerance level would be greater. On the other hand, if the scalability of 
candidate IT project investments is lower, the potential to obtain a superior IT portfolio choice 
that can maximize return given the risk tolerance level would be less. Moreover, if the budget for 
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candidate IT project investments is higher, the potential to obtain a superior IT portfolio choice 
that can maximize return given the risk tolerance level would be greater. On the contrary, if the 
budget for candidate IT project investments is lower, the potential to obtain a superior IT 
portfolio choice that can maximize return given the risk tolerance level would be less. Finally, if 
the heterogeneity of candidate IT project investments is higher (e.g., dissimilar investment 
information), the potential to obtain a superior IT portfolio choice that can maximize return 
given the risk tolerance level would be greater. On the contrary, if the heterogeneity of candidate 
IT project investments is lower (e.g., similar investment information), the potential to obtain a 
superior IT portfolio choice that can maximize return given the risk tolerance level would be less. 
 
5. Discussion and Conclusion 
One major implication of this paper is that a firm can manage to mitigate the limits of investing 
in IT assets. In this way, a firm would be more able to govern its IT as a financial portfolio for 
improving its IT investment business benefit. To date, our knowledge about IT portfolio 
management (ITPM) has been extremely limited. Although the importance of ITPM has long 
been recognized, it is still in its early development stage. Many questions remain open. Many 
firm managers still wonder how and why ITPM could affect the performance of IT investment. 
This paper can provide one possible answer. We have shown that the quality of IT project 
investment portfolio choice is associated with the selection characteristics of candidate IT project 
investment. Specifically, it is contingent on the condition of investment in the IT project. To put 
it differently, under some conditions IT investment selection characteristic could limit the quality 
of IT portfolio choice in a firm. In prior literature, the extant theory pertaining IT portfolio 
simply states that a firm should manage IT investment as a financial portfolio to improve the IT 
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investment business benefit. This paper can add to it that a firm should manage to invest in IT 
assets with characteristics as close as possible to those of as financial assets, so that a firm can be 
better able to manage IT investment as a financial portfolio.   
It is acknowledged that this paper has its limitations. One noticeable issue that might be a future 
research topic is the effect of the interdependent return in an IT project investment portfolio. We 
decide not to factor in such an effect in our experiment, since we tend to highlight the effect of 
the heterogeneity of IT project investment portfolios. There is a difference between our proposed 
heterogeneity concept and the diversification concept in the financial modern portfolio theory 
(Markowitz, 1959). The assumption of interdependent return is one important premise that 
portfolio diversifying can use to become effective. Basically, the diversification concept refers to 
spreading investment in as many assets as possible in order to strike an average return of 
investment. For example, since it is observable that the return of every financial stock is 
mutually correlated with each other, portfolio diversifying is able to dilute the return correlation 
among the stocks because of the cancelling-out effects, thus reducing portfolio return volatility. 
Our heterogeneity concept is complementary to the diversification concept and more focused on 
the concept of informational diversity. The diversification concept in the financial modern 
portfolio theory (Markowitz, 1959) implies that, if a firm can select more IT project investments 
into its portfolio, its portfolio return can be more likely to approach the average return of IT 
project investment portfolios across firms. Our heterogeneity concept implies that, if a firm can 
obtain more heterogeneous candidate IT project investments, it is more likely to select the IT 
project investment portfolio that can meet expectations.  
Another possible future research topic is the impact of IT portfolio profiles on the performance 
of IT investment. It is established widely that the performance of IT investment can vary 
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significantly across firms. It also long has been suspected that the variation of IT investment 
performance could be contingent on the composition of the IT portfolio (IT portfolio profile). 
However, no prior research has ever shown any data-driven approach to profiling IT portfolio 
and empirically linking it to IT investment performance. In this paper, we have shown that the 
investment scalability condition, budget condition, and heterogeneity condition of the candidate 
IT project investment could influence the choice quality of the IT project investment portfolio, 
thus in turn possibly influencing the performance of IT investment in a firm. In the near future, 
we expect to leverage such findings to discover an analytics approach to profiling IT portfolio 
and empirically examining its efficacy. 
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Tables and Figures 
 
 
 
Table 1.1: The experiment results for scenario 1 and scenario 2 
Risk Tolerance Level Scenario 1 (High scalability) Scenario 2 (Low scalability) 
0 0.000 0.000 
0.25 1.000 0.679 
0.75 1.000 0.799 
1 1.000 1.000 
 
 
 
 
 
 
Table 1.2: The experiment results for scenario 3 and scenario 4 
Risk Tolerance Level Scenario 3 (High budget) Scenario 4 (Low budget) 
0 0.000 0.000 
0.25 0.989 0.626 
0.75 0.994 0.663 
1 1.000 1.000 
 
 
 
 
 
 
 
 
Table 1.3: The experiment results for scenario 5 and scenario 6 
Risk Tolerance Level Scenario 5 (High 
heterogeneity) 
Scenario 6 (Low heterogeneity) 
0 0.000 0.000 
0.25 0.862 0.704 
0.75 0.932 0.792 
1 1.000 1.000 
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Table 1.4: The P-values (Pairwise T-test) for Comparing Results of Overall Scenarios 
 (1) (2) (3) (4) (5) (6) 
(1) scenario 1 (Hf)  3.36246E-23 6.07402E-06 8.76955E-16 5.62692E-16 1.21265E-27 
(2) scenario 2 (Lf)   3.26489E-21 1.14357E-07 1.68675E-11 1.96094E-16 
(3) scenario 3 (Hb)    7.21377E-16 8.32299E-16 2.36785E-27 
(4) scenario 4 (Lb)     4.95145E-08 1.33015E-15 
(5) scenario 5 (Hh)      5.10118E-19 
(6) scenario 6 (Lh)       
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Figure 1.1 Conceptual research methodology 
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Figure 1.2: The experiment results for scenario 1 and scenario 2 
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Figure 1.3: The experiment results for scenario 3 and scenario 4 
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Figure 1.4: The experiment results for scenario 5 and scenario 6 
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Figure 1.5: The experiment results for scenario 1 and scenario 2, given the different 
number of candidate IT project investments 
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Figure 1.6: The experiment results for scenario 3 and scenario 4, given the different 
number of candidate IT project investments 
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Figure 1.7: The experiment results for scenario 5 and scenario 6, given the different number of 
candidate IT project investments 
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Chapter 2− IT PROJECT INVESTMENT VALUE 
CHARACTERISTICS AND PORTFOLIO CHOICES 
1. Introduction 
Business executives love to hate information technology (IT), yet IT spending continues to 
increase (Jeffery & Leliveld, 2004). On one hand, IT long has been an integral part of modern 
business. On the other hand, the return of IT investment remains relatively mysterious. After all, 
it is almost inarguable that the realization of business value of IT is still a paradox. For IT 
investment, many firms tend to focus on implementing of technology, such as the technical 
success of IT project, rather than realizing the expected business benefits from the investment 
perspective (Peppard et al., 2007). For example, it is reported that more than 20% of CIOs in the 
United States consider their IT investment unable to generate the expected return (McAfee, 
2006). Consequently, many firms are obliged to struggle with justifying their IT investment 
portfolios. Generally, a portfolio refers to a selected set of assets to be determined by an 
investor’s investment objectives. In prior IT portfolio literature, studies have shown that the 
classes of IT asset and external industry environment would affect the IT portfolio decision of a 
firm (Anal & Weill, 2007; Xue et al., 2008). However, there is only very limited knowledge 
about how a firm would realize the business benefits from its IT portfolio. 
The objective of this paper is to investigate whether, and if so, how, the return of IT portfolio can 
be maximized by a firm. The expectation of achieving optimum business value from IT 
investments is quite prevalent across firms. However, only very firms can consistently translate 
IT expenditures into valuable outcomes (Vecchia et al., 2007). Specifically, this paper is focused 
on the IT project investment portfolio. Conceptually, an IT project can be defined as a one-time 
effort for delivering the IT/IS dependent outcomes. Many firms thus tend to view an IT project 
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as a case of IT investment – IT project investment, since it can be associated with value and risk 
(Gartner Research, 2005). Such an IT investment usually is not associated with any “must-do” 
purpose (e.g., law-compliance requirement and daily-operation fulfilment). As Piccoli and Ives 
(2005) indicate, considerable IT project investments are derived from those “non-must-do” 
strategic business initiatives. In our research site, for example, a business initiative that aims to 
enhance the relationships with clients has to be implemented by developing a knowledge 
management system. Since most IT investment is IT project investment, the IT project 
investment portfolio decision has become a very important governance issue (Kaplan, 2004).  
By one important definition (Jeffery & Leliveld, 2004), IT portfolio management (ITPM) is to 
manage IT as a portfolio of assets similar to a financial portfolio and strive to improve the 
performance of the portfolio by balancing risk and return. According to the Financial modern 
portfolio theory (Markowitz, 1959), the balance of risk and return is for attaining the equilibrium 
where, given the risk that a firm can tolerate, a firm can hardly capture more return from its 
investment. Specifically, the return and risk are based on the financial value of investment. 
However, considerable prior studies also imply that the investment in IT could be evaluated by 
non-financial impacts. As a result, we examine what the cases would be in terms of realizing an 
IT project investment portfolio in a firm.  How could the way that IT value can be realized affect 
the business benefits of IT project investment portfolio? What does it implicate for the IT 
investment strategy in a firm? 
The methodology of this paper is based on the approach of portfolio analytics. We view analytics 
as a means to achieve research objectives by the extensive employment of data and quantitative 
analysis. Analytics is very suitable for better understanding the driver of financial performance 
and the effects of nonfinancial factors (Davenport and Harris, 2007). It is certain that IT project 
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investment can contribute financial value (Benaroch & Kauffman, 2000; Fichman, 2004; 
Bardhan et al., 2004) to a firm, and thus there is always IT project investment risk to be 
anticipated; almost every IT project is costly and uncertain to succeed (Jiang & Klein, 1999; 
Tiwana & Keil 2007; Chua et al., 2012). It is also true that the value of IT project investment can 
be realized in different ways. The theory of IT-strategy alignment implies that a firm would 
evaluate an IT project investment by its strategic impact (Sabherwal & Chan, 2001; Luftman & 
Kempaiah, 2007; Xue et al., 2012). As a result, for example, many firms have required their IT 
project investment to fit with their business goals (Forrester Research, 2004). Another 
nonfinancial impact is based on the theory of IT synergy (Milgrom & Roberts, 1990; Tanriverdi, 
2006; Kumar et al., 2008; Bardhan et al., 2010; Cho et al., 2014). For example, if the investment 
in one IT project aims to capture a high quality teleconference system and the other is for 
enabling a surgical robotic system, the outcomes of the two might together create an opportunity 
for a firm to produce a new service − a remote surgical robotic service (Nevo & Wade, 2010). In 
other words, the value of an IT project investment can be realized by its synergistic impact. 
Overall, we expect that the use of the portfolio analysis approach can provide a better insight to 
our research questions.  
Specifically, this paper conducts a computational experiment and derives results by analyzing the 
optimal choices of IT project investment portfolio in different scenarios. We build a decision 
support model for generating the optimal portfolio choices given the simulated IT project 
investment data and scenarios. Since the “bounded rationality” is part of human nature (Simon, 
1965; Tversky & Kahneman, 1992), it is suggested to employ the decision support technology to 
alleviate the complexity of decision problems (e.g., the maximization of IT portfolio return) (Hu 
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et al., 2012). 3 In this study, the portfolio choice optimality is determined by the return-risk 
criteria (Markowitz, 1959). Moreover, while it is important to quantitatively locate the choices 
that arrive at the optimality, it is more important to simulate how a firm would realize the value 
of an IT project investment portfolio. We thus design scenarios based on the simulated sets of 
candidate IT project investment. Their investment outcome would be associated with financial 
value and/or non-financial impacts. The simulation seed is a set of forty-three IT project 
investment cases collected from our research site.4 For each scenario, we generate 100 optimal 
portfolio choices to simulate 100 different risk tolerance levels. 
This study makes contributions in the following aspects. Firstly, our portfolio-level findings 
focused on IT project investment can significantly complement the prior literature on IT 
portfolio management (ITPM) and advance the theories pertaining to IT investment governance 
(Sambamurthy & Zmud, 1999; Weill & Ross, 2004; Anal & Weill, 2007; Xue et al., 2008; Xue 
et al., 2012). In addition, this study shows the ex-ante interplay between the return and risk in IT 
project investment portfolio given the consideration of non-financial impacts, which can 
supplement a stream of the ex-post research in IT investment performance (Brynjolfsson & Hitt, 
1995; Melville et al., 2004; Banker et al., 2006; Dewan et al., 2007; Tambe et al., 2012; Kleis et 
al., 2012). Secondly, this study can contribute to the literature on business intelligence (BI) by 
establishing the importance of IT portfolio analytics. We present the solutions for (i) analytically 
characterizing the possible attributes of IT project investment, (ii) computationally modeling the 
selection of IT project investment portfolios, and (iii) graphically visualizing the optimal IT 
project investment portfolio choices. Thirdly, this study lays the foundation for designing a 
quantitative model for supporting IT portfolio decisions. In the past, many firms could have no 
                                                 
3
 Simply 10 candidate IT project investments can generate 102  portfolio choices. 
4
 Our research site is a U.S. Fortune 500 company in the financial services industry and the data was collected 
between 2009 Q3 and 2010 Q1 in its financial service department. 
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choice but to adopt those financial portfolio models to deal with IT portfolio decision problems. 
Such models may not fit with the context of IT project investment in a firm. Last, this study 
employs a research methodology that incorporates decision modeling, computational experiment, 
field-collected data, and simulated scenarios, which can strongly complement the extant IS 
methodologies.  
The rest of the paper is organized as follows. In section 2, we review the related theories 
regarding the financial return, risk, and non-financial impacts of IT project investment portfolio. 
In section 3, we review the prior literature of project portfolio modeling and present our 
proposed project investment portfolio model. In section 4, we show our computational 
experiment scenarios, real-world data collection processes, and more importantly the resultant 
analysis and findings. In section 5, we discuss the implications and limitations of the paper. 
 
2. Theoretical Background  
The financial modern portfolio theory (Markowitz, 1959) indicates that the optimal portfolio can 
lead to the maximized return, given a specific level of risk. For example, a financial stock 
portfolio choice A would be more efficient than portfolio choice B if a portfolio choice A is 
expected to result in greater return than a portfolio choice B and if they are both expected to 
result in the same level of risk. Moreover, Markowitz visualizes the overall optimal portfolio 
choices as a figure in the dimensions of return and risk – the portfolio efficient frontier. The 
Financial modern portfolio efficient frontier shows that a firm can adjust its appetite for risk (risk 
tolerance level) to determine how much return to expect. For example, if a firm expects to 
increase its portfolio return, it might require increasing its risk appetite, selecting a portfolio 
choice along the portfolio efficient frontier with greater risk. 
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2.1 IT Project Investment Return and Risk 
Return and risk are the two basic characteristics for any investment in a firm and IT project 
investment is no exception. Conventionally, a firm would adopt financial approaches to 
evaluating the return of the investment in an IT project. These financial approaches could include 
traditional cash-flow-based methods (e.g., NPV) and more advanced models (e.g., real-options) 
(Benaroch & Kauffman, 1999; Fichman, 2004; Kumar et al., 2008). For example, our research 
site depends on financial experts to factor in the decreased training time, reduced call time, and 
reduced staff needs to evaluate the return (e.g., NPV) on an IT project investment. The 
investment in this IT project aims to improve on the knowledge management in the call center of 
our research site.  
In prior literature, there are basically two types of risk definition. The first one is based on the 
concept of return volatility, such as the risk definition in the financial modern portfolio theory 
(Markowitz, 1959). The other one is based on the utility of unwanted outcomes. For example, a 
firm can estimate the impact of the gap between the realized outcome and the objective outcome 
to define the risk of a project (Browning et al. 2002). Many industrial frameworks for project risk 
management also adopt analogous approaches to quantifying the risk of project investment, such 
as the expected loss defined by PMI (Project Management Institute). In terms of IT project 
investment, there are series of risk factors associated with unwanted outcomes. They are 
generally due to the environmental issues, technological complexity issues, and management 
issues in a firm (McFarlan, 1982; Wallace & Keil, 2004; Barki et al., 2001; Jiang & Klein, 1999), 
and their impact would largely reflect the uncertainty of time, cost, and scope in the process of 
developing and maintaining the outcome of IT project investment. 
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2.2 IT Project Investment Strategic Impact 
Strategic impact is one important IT project investment characteristic in a firm. Considerable IT 
projects are funded for supporting business objectives. Such IT project investments would aim 
for improving and innovating the resource planning, customer relationship, communication, and 
coordination, etc., instead of financial profitability in a firm. For example, King (1978) suggests 
that the purposes of deploying information systems (IS) should be consistent with the business 
strategies in a firm. Moreover, Chan et al. (1997) found that the “fit” between IS and business 
objectives would be significantly associated with the performance of a firm. Aral and Weill 
(2007) also argue that a firm should determine its IT investment allocation based on its strategic 
priority; for instance, if a firm tends to maintain or even increase its strategic advantages, it has 
to increase its investment in its strategic IT asset portfolio, rather than others. As a result, we can 
reason that it is not surprised that a firm would invest in IT projects for the advantage of strategic 
impact.  
 
2.3 IT Project Investment Synergistic Impact 
Synergistic impact is another unique IT project investment characteristic in a firm. From a 
system perspective, the components in a system are interdependent. Thus, it is natural that the 
components in a system could have interactions with each other (Ackoff, 1971). In certain cases, 
such interactions could be expected to derive extra benefits to a system. The benefits specifically 
pertain to the interdependency between the components. For example, any two resources that can 
provide either the benefit of the economy of scale or complementarity must be interdependent in 
terms of their costs or values in a firm (Milgrom & Roberts, 1990; Tanriverdi, 2006). In this 
example, the firm can be viewed as a system and the resources as components. In the context of 
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IT assets, Kumar et al. (2008) propose that the interdependency between different IT assets can 
lead to the benefit of synergy. Bardhan et al. (2010) also show that the potential 
interdependencies among software projects can generate additional return in the near future. 
Overall, as Cho and Shaw (2009) argue, the consideration of synergy can be an important factor 
in realizing the value of IT portfolio in a firm. 
 
3. Model Development 
We aim to create a decision support model to aid a firm in selecting the superior IT project 
investment portfolio choice. Our decision support model is an optimization model for providing 
mathematically-optimal portfolio choices. The model can accommodate the common investment 
characteristics of IT projects in a firm. In other words, the model can help sort out the portfolio 
choice that involves the greatest return, the acceptable strategy impact, the acceptable synergistic 
impact, and the acceptable risk.  
In a firm there could be m cases of IT project investment ( ix ) { 1x , 2x ,… mx } and thus we can 
view them as a set S, i.e., S ≡ { 1x , 2x , … mx }. In this set S, any subset could be a candidate 
(potential) IT project investment portfolio choice ( ip ), ip ⊆ S., so that there could be a set of 
portfolio choices P, i.e., P ≡ { 1p , 2p , … np }. In this study, we assume that only two choices – 
Yes or No may be exercised regarding investment in any IT project ( ix =1; otherwise ix =0). 
Accordingly, for example, given two candidate IT project investments 1x and 2x , a firm can have 
four possible portfolio choices including: =1p {( 1x =0), ( 2x =0)}, =2p {( 1x =0), ( 2x =1)}, 
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=3p {( 1x =1), ( 2x =0)}, and =4p {( 1x =1), ( 2x =1)}. In other words, a set of m candidate IT 
project investments can generate n candidate portfolio choices (n= m2 ).  
 
Definition 1: The IT project investment portfolio P is a set of selected IT project 
investments  
=P { 1x , 2x ,… ix } 
(1) 
 
 
We use NPV to evaluate the IT project investment portfolio return in our model. In practice, 
NPV is easily understood and communicated across units and thus becomes one of the most 
widely-used approaches to evaluating various investment cases in a firm. Conventionally, many 
firms depend on experts to evaluate the costs and benefits in order to derive the NPV for an 
initiative or project.  
 
Definition 2: The IT project investment portfolio return V )(P  is the overall expected NPV 
of componential IT project investment  
i
n
i
i xvPV ∑
=
=
1
)(  (2) 
 
 
We use the anticipated investment loss to evaluate the IT project investment portfolio risk in our 
model. Specifically, we apply the concept of expected monetary value (EMV) to addressing the 
investment risks in an IT initiative/project. In practice, EMV is widely used for quantifying IT 
project risk. For example, if one potential loss of $100,000 would be due to a problem (e.g., 
management deficiency) with the probability of 0.9, and the other potential loss of $800,000 
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would be due to another problem with the probability of 0.1 (e.g., sunset technology), the risk for 
such an investment would be -$170,000 (100,000*0.9 + 800,000*0.1).  
 
Definition 3: The IT project investment portfolio risk R )(P  is the overall expected loss of 
componential IT project investment  
 
i
n
i
i xrPR ∑
=
=
1
)(  (3) 
 
 
We use a maturity-based method (strategy readiness score) to evaluate the strategic impact of an 
IT project investment portfolio in our model. In prior literature, Dickinson et al. (2001) model 
the strategic impact of a technology project portfolio by computing the number of projects for 
supporting the strategy objectives of a firm. Kaplan (2004) employs scoring an approach to 
evaluate the maturity of an IT asset on supporting the business strategies in a firm.5 In this study, 
we apply their methods to the context of IT project investment. The maturity score in our model 
reflects the readiness level at which IT project investment could support the business strategic 
objectives of a firm. The score value could be 1, 2, 3, 4, 5, or 6. Score 1 is the best and score 6 is 
the most problematic. For example, score 1 means that the outcome of an IT project investment 
(e.g., an IT-dependent application) can support a business strategic objective without requiring 
any enhancement or modification; score 6 means that the outcome of such an IT project 
investment can hardly support any business strategic objective. 
 
                                                 
5
 One well-known maturity-based model in technology management area is CMMI (Capability Maturity Model 
Integration). 
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Definition 4: The IT project investment portfolio strategic impact S )(P  is the overall 
expected strategy readiness score of componential IT project investment 
 
∑∑
= =
=
m
j
n
i
iij xsPS
1 1
)(  (4) 
 
We use the overall number of potential synergistic relationships between two IT project 
investments to evaluate the portfolio synergistic impact in our model. Dickinson et al. (2001) 
uses a similar table to model the project interdependency for a technology project portfolio. In 
other words, each IT project investment would represent one column and one row in the table. 
The cell value in the table would represent the potential synergistic relationship. For example, in 
our research site the business managers and IT project managers would jointly evaluate the value 
for each IT project investment. The value 1 means that the synergistic relationship is very likely 
to exist; the value 0 means that the synergistic relationship is very unlikely to exist. The value is 
allowed to be continuous between 0 and 1. 
 
Definition 5: The IT project investment portfolio synergistic impact I )(P  is the overall 
expected synergistic interdependency of componential IT project investment 
 
∑∑
=
>
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j
jiij xxPI
1 1
)( ρ  (5) 
 
 
Accordingly, we can model the optimal IT project investment portfolio choice as follows. 
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Definition 6: The optimal IT project investment portfolio P* is the set of selected IT 
project investments that can turn out the maximized return, given the thresholds of 
strategic impact, synergistic impact, and risk 
 
i
n
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i xvPV ∑
=
=
1
max*)( (6) 
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1
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By solving the model, we can derive the optimal portfolio choice. Since it is a binary, multi-
criteria optimization problem, we apply several approaches including branch-and-bond and 
heuristics to solve it. Moreover, we can derive a set of the optimal portfolio choices as the IT 
project investment portfolio efficient frontier6.  
 
 
 
 
 
 
                                                 
6 For presenting a more understandable model, we show the model that is subject to only risk appetite. 
We apply the Lagrange method to transform the original strategic and synergistic constraints into part of 
the objective function. 
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Definition 7: The IT project investment portfolio efficient frontier is the set of the optimal 
IT project investment portfolio choices  
 
Max  (10) 
S.t. kRPR ≤*)(   
mi ...1= , nj ...1= , qk ...0=   
  
4. Experiment Design and Result 
We conduct a computational experiment that combines the real-world data with the simulated 
scenarios to explore the answers to our main research question −− the business benefits of IT 
project investment portfolio in a firm. The computational experiment is a very effective 
methodology that has been widely used in many areas including computer science, economics, 
and psychology. In the prior IS literature, many studies have also adopted a similar approach 
(Piramuthu & Shaw, 1998; Sikora & Shaw, 1988; Tu et al., 2009; Green at al., 2010; Nan, 2011).  
 
4.1 Settings 
In our experiment, we employ computer applications including Lingo and Excel to program our 
procedures and organize results. Our experiment platform is a personal computer (Intel Duo CPU 
with 32 GB RAM). For the iteration in the experiment, it takes the time from minutes to hours to 
generate a result. The experimental data is primarily based on a real-world dataset collected from 
our research site. If the dataset does not provide the data needed by our experiment, we simulate 
them. In addition, we simulate 100 different appetites for IT investment portfolio risk, strategy 
impact, and synergistic impact. We then set the appetites by the following rules. Basically, these 
*))((*))((*)( PIIPSSPV jjii −−−− λλ
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appetites are proportional to each other. For example, if a firm has the greatest appetite for 
investment return, it would have the greatest appetite for risk, strategic impact, and synergistic 
impact. In this case, it is expected that a firm should select a portfolio choice that consists of the 
overall candidate IT project investment, since this choice can turn out the greatest return, risk, 
strategic impact, and synergistic impact. On the other hand, if a firm has the least appetite for 
investment risk, it is likely to realize lower strategic impact and synergistic impact. In this 
situation, it is expected that a firm can capture the optimal portfolio choice − the IT project 
investment portfolio composed of no candidate IT project investment (i.e., an empty set). We 
control these appetites by setting different constraints thresholds in our proposed models (7)(8)(9) 
(e.g., 0R , 0S ,and 0I ). 
 
4.2 Data 
The data source is a set of 43 IT project investment business cases collected from our research 
site. All of these cases are business initiatives that have to be implemented based on IT projects. 
For example, an initiative (KMS) proposed to enhance the relationships with customers is to be 
implemented by developing a better knowledge management system. Specifically, we use the 
following data to feed our simulation in the experiments: five-year NPV, cost, risk score, IT 
strategy readiness score, and interdependency score. Our research site relies on consulting 
domain experts and department managers to estimate the values in the data. For example, the 
financial experts estimate the NPV for the aforementioned KMS initiative by considering 
decreased training time, lifted loads for staff, and reduced customer call time enabled by the new 
knowledge management system. The department managers and IT project managers jointly 
estimate the risk of the initiative from a holistic investment perspective, i.e., inclusive of the 
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business, IT, etc. The value of risk score is between 1 (lowest risk) and 100 (highest risk). As for 
the IT strategy readiness score, primarily department managers estimate it for each initiative. For 
instance, the initiative (KMS) is considered ready to support the business strategic objective – 
customer satisfaction in our research site. For the synergistic relationship, the department 
managers and IT project managers jointly estimate it for each pair of initiatives. For instance, 
one initiative is proposed for instantly processing the request from insurance agents. Thus it 
needs an application developed by an advanced system development tool. Another initiative is 
proposed for replacing a sunset system development with an advanced one. Accordingly, the 
department managers reason that the two initiatives would be highly synergistically 
interdependent, if they can share the same development tool and thus benefit from cost-saving 
synergy. Another instance is that in which one initiative is proposed for enhancing the fund 
disbursement capability in agent offices; the other is proposed for enabling the insurance client to 
process payments electronically. As a result, the department managers reason that the two 
initiatives would be highly synergistically interdependent, if they can functionally complement 
each other for increasing the customer satisfaction for our research site. 
 
4.3 Scenarios 
Next, we design scenarios to explore the contingencies that IT project investment value can be 
realized and thus associated with different attributes for evaluation in a firm (Table 2.2). 
In scenario 1, we simulate that one firm is about to invest in a set of IT project investments that 
is associated with financial value, risk, and cost attributes. This firm has the greatest risk appetite, 
since it has no risk concern for its IT project investment portfolio. In scenario 2, we simulate that 
one firm is about to invest in a set of IT project investments that is associated with financial 
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value, risk, and cost attributes. This firm has risk concern for its IT project investment portfolio. 
In scenario 3 and 4, we simulate that one firm is about to invest in a set of IT project investments 
that is associated with financial value, risk, cost, and strategic impact attributes and/or synergistic 
impact attributes. Still, this firm has risk concern for its IT project investment portfolio, so its 
risk appetite would be contingent. Besides, in all scenarios this firm has only limited capability 
of realizing the IT project investment benefit by financial value. In other words, some IT project 
investments might be associated with zero financial value (e.g., NPV). We then apply the metrics 
in our defined models (2) (3) (4) (5) to implement the scenarios. 
 
4.4 Results 
Moreover, we generate one hundred optimal IT project investment portfolio choices (P0 to P100) 
(Table 2.3, 2.4, 2.5, and 2.6) using our proposed models for each scenario7. For example, in table 
2, 3, and 4, P0 refers to the situation where a firm owns the lowest risk appetite while P100 refers 
to the situation where a firm owns the greatest risk appetite. In table 2.3, nonetheless, since 
scenario 1 the investment risk is not concerned, P1 and P100 both refers to the situation where a 
firm owns the greatest risk appetite. The return value and risk appetite value are normalized 
using min-max approach8. Thus the return value would range between -1 to 1, and the risk 
appetite value would range from 0 to 1. 
Moreover, we visualize the results in Table 2.3 as an IT project portfolio efficient frontier 
(Figure 2.1) to conduct a portfolio-level analysis. The IT portfolio efficient frontier can provide 
an insightful view of the overall optimal portfolio choices of IT project investment.  
                                                 
7
 The number of overall candidate portfolio choices is about eight trillion; in the experiments a firm is set 
to select portfolio from forty-three candidate IT project investment cases (i.e., 432 ).  
8
 The need of normalization is largely due to due to the proprietary nature of investment data. 
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As seen in Figure 2.1, we found that the IT portfolio efficient frontier for scenario 1 is a point 
rather than a line. In scenario 1, we simulate that a firm is to maximize the return of its IT project 
investment portfolio without any risk concern, given a set of candidate IT project investments. 
We also consider the situation that this firm has only limited capability of realizing the IT project 
investment benefit by financial value, so that not every qualified IT project investment portfolio 
can be associated with financial value. Thus, by analyzing the pattern in Figure 1, overall we can 
summarize our finding as follows. 
 
Finding 1:  
Under the condition that one firm is limited in the capability of realizing the 
business value of IT and thus not every qualified IT project investment can be 
associated with financial value (e.g., some of them are given negative NPV), if 
this firm is to maximize the return of its IT project investment portfolio without 
any risk concern, given a set of candidate IT project investments, it can expect to 
capture one superior portfolio choice, instead of a set of superior portfolio 
choices.  
 
For the results in Table 2.4, we found that the IT portfolio efficient frontier for scenario 2 is a 
line with a tipping point (Figure 2.2). Along the line, the increment of the risk appetite roughly 
can be proportional to the increment of the return until the point. After the point, the return 
would remain the same, regardless of increment of risk appetite. In scenario 2, we simulate that a 
firm is to maximize the return of its IT project investment portfolio with risk concern, given a set 
of candidate IT project investments. Similar to the situation in scenario 1, we consider that this 
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firm has only limited capability of realizing the IT project investment benefit by financial value, 
so not every qualified IT project investment portfolio can be associated with financial value. 
Thus, by analyzing the pattern in Figure 2.2, overall we can summarize our finding as follows. 
 
Finding 2:  
Under the condition that one firm is limited in the capability of realizing the 
business value of IT and thus not every qualified IT project investment can be 
associated with financial value(e.g., some of them are given negative NPV), if this 
firm is to maximize the return of its IT project investment portfolio with risk 
concern, given a set of candidate IT project investments, it can expect to capture a 
series of superior portfolio choices, according to the risk appetite before a tipping 
point; 
 
For the results in Table 2.5 and 2.6, we found that the IT portfolio efficient frontiers for scenario 
3 and 4 share a similar pattern. They are lines with tipping points (Figure 2.3 and 2.4). Along the 
both lines, the increment of risk roughly can be positively proportional to the increment of return 
until a point. After the point, the increment of risk appetite roughly can be negatively 
proportional to the increment of return. After the point, the return would be negatively 
proportional to the increment of risk appetite. In scenario 3 and 4, we simulate that a firm is to 
maximize the return of its IT project investment portfolio with risk concern, given a set of 
candidate IT project investments. This firm has only limited capability of realizing the IT project 
investment benefit by financial value, so it additionally evaluates the benefit by strategic impact 
or synergistic impact. 
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Thus, by analyzing the pattern in Figure 2.3, we can summarize our finding as follows. 
 
Finding 3:  
Under the condition that one firm is limited in the capability of realizing the 
business value of IT and thus not every qualified IT project investment can be 
associated with financial value (e.g., some of them are given negative NPV) but 
can be associated with non-financial impact (e.g., strategic impact and/or 
synergistic impact), if this firm is to maximize the return of its IT project 
investment portfolio with risk concern, given a set of candidate IT project 
investments, it can expect to capture a series of superior portfolio choices, 
according to the risk appetite before a tipping point; after the point, the return is 
to decrease as the risk appetite is increased. 
 
5. Discussion and Conclusion 
In this section, we discuss some interesting implications and issues associated with our findings. 
We expect that the discussion could benefit the future research on IT investment governance and 
IT portfolio management. Our findings imply that a firm could capture less return if it 
additionally evaluates IT project investment by non-financial impact including strategic impact 
and synergistic impact. Seemingly, this is due to the tradeoff between financial value and non-
financial impact9. However, we believe that a firm should expect to capture greater return if it 
additionally evaluates IT project investment by non-financial impact including strategic impact 
and synergistic impact. We do believe that, although it might take a while, all the non-financial 
                                                 
9
 On the other hand, the strategic impact and synergistic impact are to increase a lot, once they are considered in the 
scenarios (Appendix). 
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impact would lead to the financial value for IT project investment portfolio in a firm. In prior 
literature, however, related studies have been very rare. For example, it is argued that the 
business value of IT can be realized in different ways, such as market value, return on equity, 
Tobin's q, production cost, coordination cost, etc. in a firm (Melville et al., 2004). It is also 
argued that the actual investment value of an IT project should be greater than the realized value 
(e.g., NPV) to a firm (Benaroch & Kauffman, 2000; Fichman et al., 2004). To a certain degree, 
the argument is dependent on the premise that the different IT values would be mutually 
complementary. Nonetheless, we still need more empirical evidence to demonstrate such a 
premise. Overall, there is still a lack of studies that investigate the relationships among the 
different realized IT business values, thus this will be one of our research focuses in the near 
future.  
Finally, we acknowledge that this paper involves limitations. For example, we primarily depend 
on extending the financial modern portfolio theory (Markowitz, 1959) to explore IT portfolio 
management. To a certain degree, every theory must be restricted to some simplification of 
reality. Accordingly, another future research direction is to extend this paper to address such 
limitations. 
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Tables and Figures 
 
 
Table 2.1: Mathematical Notation 
Variable Definition 
ix
 
The IT project investment decision variable  
P The IT project investment portfolio (i.e., a set of selected IT project investments) 
V(P) The IT project investment portfolio return 
R(P) The IT project investment portfolio risk 
0R  The IT project investment portfolio risk threshold (the risk tolerance level)  
0S  The IT project investment portfolio strategic impact threshold (the expected 
strategic impact level)  
0I  The IT project investment portfolio synergistic impact threshold (the expected 
strategic impact level)  
Sλ  The Lagrange multiplier for representing the tradeoff ratio of the return to the 
strategic impact in the IT project investment portfolio 
Iλ  The Lagrange multiplier for representing the tradeoff ratio of the return to the 
synergistic impact in the IT project investment portfolio 
iv  The NPV of IT project investment i 
ic
 
The cost of IT project investment i 
ir
 
The risk of IT project investment i 
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Table 2.2: Conceptual Scenario Framework 
Scenario 1 
One firm is to maximize the return of its IT project investment portfolio without 
any risk concern, given a set of candidate IT project investments. This firm has 
only limited capability of evaluating the IT project investment benefit by 
financial value.   
Scenario 2 
One firm is to maximize the return of its IT project investment portfolio with 
risk concern, given a set of candidate IT project investments. This firm has only 
limited capability of evaluating the IT project investment benefit by financial 
value.  
Scenario 3 
One firm is to maximize the return of its IT project investment portfolio with 
risk concern, given a set of candidate IT project investments. This firm has only 
limited capability of evaluating the IT project investment benefit by financial 
value, so it additionally evaluates the benefit by strategic impact. 
Scenario 4 
One firm is to maximize the return of its IT project investment portfolio with 
risk concern, given a set of candidate IT project investments. This firm has only 
limited capability of realizing the IT project investment benefit by financial 
value, so it additionally evaluates the benefit by strategic impact and synergistic 
impact.  
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Table 2.3: The Results from Scenario 1 
Portfolio 
Choice # 
Return Risk 
Appetite 
Portfolio 
Choice # 
Return Risk 
Appetite 
Portfolio 
Choice # 
Return Risk 
Appetite 
Portfolio 
Choice 
# 
Return Risk 
Appetite 
P0 1.000 1.000 P25 1.000 1.000 P50 1.000 1.000 P75 1.000 1.000 
P1 1.000 1.000 P26 1.000 1.000 P51 1.000 1.000 P76 1.000 1.000 
P2 1.000 1.000 P27 1.000 1.000 P52 1.000 1.000 P77 1.000 1.000 
P3 1.000 1.000 P28 1.000 1.000 P53 1.000 1.000 P78 1.000 1.000 
P4 1.000 1.000 P29 1.000 1.000 P54 1.000 1.000 P79 1.000 1.000 
P5 1.000 1.000 P30 1.000 1.000 P55 1.000 1.000 P80 1.000 1.000 
P6 1.000 1.000 P31 1.000 1.000 P56 1.000 1.000 P81 1.000 1.000 
P7 1.000 1.000 P32 1.000 1.000 P57 1.000 1.000 P82 1.000 1.000 
P8 1.000 1.000 P33 1.000 1.000 P58 1.000 1.000 P83 1.000 1.000 
P9 1.000 1.000 P34 1.000 1.000 P59 1.000 1.000 P84 1.000 1.000 
P10 1.000 1.000 P35 1.000 1.000 P60 1.000 1.000 P85 1.000 1.000 
P11 1.000 1.000 P36 1.000 1.000 P61 1.000 1.000 P86 1.000 1.000 
P12 1.000 1.000 P37 1.000 1.000 P62 1.000 1.000 P87 1.000 1.000 
P13 1.000 1.000 P38 1.000 1.000 P63 1.000 1.000 P88 1.000 1.000 
P14 1.000 1.000 P39 1.000 1.000 P64 1.000 1.000 P89 1.000 1.000 
P15 1.000 1.000 P40 1.000 1.000 P65 1.000 1.000 P90 1.000 1.000 
P16 1.000 1.000 P41 1.000 1.000 P66 1.000 1.000 P91 1.000 1.000 
P17 1.000 1.000 P42 1.000 1.000 P67 1.000 1.000 P92 1.000 1.000 
P18 1.000 1.000 P43 1.000 1.000 P68 1.000 1.000 P93 1.000 1.000 
P19 1.000 1.000 P44 1.000 1.000 P69 1.000 1.000 P94 1.000 1.000 
P20 1.000 1.000 P45 1.000 1.000 P70 1.000 1.000 P95 1.000 1.000 
P21 1.000 1.000 P46 1.000 1.000 P71 1.000 1.000 P96 1.000 1.000 
P22 1.000 1.000 P47 1.000 1.000 P72 1.000 1.000 P97 1.000 1.000 
P23 1.000 1.000 P48 1.000 1.000 P73 1.000 1.000 P98 1.000 1.000 
P24 1.000 1.000 P49 1.000 1.000 P74 1.000 1.000 P99 1.000 1.000 
  
P100 1.000 1.000 
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Table 2.4: The Results from Scenario 2 
Portfolio 
Choice # 
Return Risk 
Appetite 
Portfolio 
Choice # 
Return Risk 
Appetite 
Portfolio 
Choice # 
Return Risk 
Appetite 
Portfolio 
Choice # 
Return Risk 
Appetite 
P0 0.000 0.000 P25 0.937 0.250 P50 1.000 0.500 P75 1.000 0.750 
P1 0.211 0.010 P26 0.937 0.260 P51 1.000 0.510 P76 1.000 0.760 
P2 0.323 0.020 P27 0.937 0.270 P52 1.000 0.520 P77 1.000 0.770 
P3 0.399 0.030 P28 0.937 0.280 P53 1.000 0.530 P78 1.000 0.780 
P4 0.510 0.040 P29 0.982 0.290 P54 1.000 0.540 P79 1.000 0.790 
P5 0.585 0.050 P30 0.982 0.300 P55 1.000 0.550 P80 1.000 0.800 
P6 0.629 0.060 P31 1.000 0.310 P56 1.000 0.560 P81 1.000 0.810 
P7 0.647 0.070 P32 1.000 0.320 P57 1.000 0.570 P82 1.000 0.820 
P8 0.647 0.080 P33 1.000 0.330 P58 1.000 0.580 P83 1.000 0.830 
P9 0.647 0.090 P34 1.000 0.340 P59 1.000 0.590 P84 1.000 0.840 
P10 0.647 0.100 P35 1.000 0.350 P60 1.000 0.600 P85 1.000 0.850 
P11 0.647 0.110 P36 1.000 0.360 P61 1.000 0.610 P86 1.000 0.860 
P12 0.647 0.120 P37 1.000 0.370 P62 1.000 0.620 P87 1.000 0.870 
P13 0.647 0.130 P38 1.000 0.380 P63 1.000 0.630 P88 1.000 0.880 
P14 0.647 0.140 P39 1.000 0.390 P64 1.000 0.640 P89 1.000 0.890 
P15 0.648 0.150 P40 1.000 0.400 P65 1.000 0.650 P90 1.000 0.900 
P16 0.692 0.160 P41 1.000 0.410 P66 1.000 0.660 P91 1.000 0.910 
P17 0.733 0.170 P42 1.000 0.420 P67 1.000 0.670 P92 1.000 0.920 
P18 0.844 0.180 P43 1.000 0.430 P68 1.000 0.680 P93 1.000 0.930 
P19 0.919 0.190 P44 1.000 0.440 P69 1.000 0.690 P94 1.000 0.940 
P20 0.919 0.200 P45 1.000 0.450 P70 1.000 0.700 P95 1.000 0.950 
P21 0.937 0.210 P46 1.000 0.460 P71 1.000 0.710 P96 1.000 0.960 
P22 0.937 0.220 P47 1.000 0.470 P72 1.000 0.720 P97 1.000 0.970 
P23 0.937 0.230 P48 1.000 0.480 P73 1.000 0.730 P98 1.000 0.980 
P24 0.937 0.240 P49 1.000 0.490 P74 1.000 0.740 P99 1.000 0.990 
P100 1.000 1.000 
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Table 2.5: The Results from Scenario 3  
Portfolio 
Choice # 
Return Risk 
Appetite 
Portfolio 
Choice # 
Return Risk 
Appetite 
Portfolio 
Choice # 
Return Risk 
Appetite 
Portfolio 
Choice # 
Return Risk 
Appetite 
P0 0 0.000 P25 0.8469 0.250 P50 0.9167 0.500 P75 0.5078 0.750 
P1 0.211 0.010 P26 0.8354 0.260 P51 0.9091 0.510 P76 0.4829 0.760 
P2 0.322 0.020 P27 0.8289 0.270 P52 0.9057 0.520 P77 0.4653 0.770 
P3 0.398 0.030 P28 0.8155 0.280 P53 0.8986 0.530 P78 0.4398 0.780 
P4 0.509 0.040 P29 0.8078 0.290 P54 0.9327 0.540 P79 0.4222 0.790 
P5 0.585 0.050 P30 0.7998 0.300 P55 0.9327 0.550 P80 0.3958 0.800 
P6 0.628 0.060 P31 0.7964 0.310 P56 0.9615 0.560 P81 0.3554 0.810 
P7 0.646 0.070 P32 0.783 0.320 P57 0.9582 0.570 P82 0.329 0.820 
P8 0.646 0.080 P33 0.7748 0.330 P58 0.9505 0.580 P83 0.3089 0.830 
P9 0.646 0.090 P34 0.7663 0.340 P59 0.9473 0.590 P84 0.2834 0.840 
P10 0.646 0.100 P35 0.7528 0.350 P60 0.9397 0.600 P85 0.2658 0.850 
P11 0.646 0.110 P36 0.7447 0.360 P61 0.9363 0.610 P86 0.2394 0.860 
P12 0.646 0.120 P37 0.7312 0.370 P62 0.9292 0.620 P87 0.199 0.870 
P13 0.646 0.130 P38 0.7165 0.380 P63 0.9258 0.630 P88 0.1726 0.880 
P14 0.646 0.140 P39 0.699 0.390 P64 0.9182 0.640 P89 0.1121 0.890 
P15 0.646 0.150 P40 0.6838 0.400 P65 0.9148 0.650 P90 0.0857 0.900 
P16 0.691 0.160 P41 0.6663 0.410 P66 0.907 0.660 P91 0.0123 0.910 
P17 0.709 0.170 P42 0.651 0.420 P67 0.9036 0.670 P92 -0.014 0.920 
P18 0.815 0.180 P43 0.6334 0.430 P68 0.8956 0.680 P93 -0.105 0.930 
P19 0.903 0.190 P44 0.6182 0.440 P69 0.8922 0.690 P94 -0.132 0.940 
P20 0.909 0.200 P45 0.6006 0.450 P70 0.8827 0.700 P95 -0.233 0.950 
P21 0.932 0.210 P46 0.5854 0.460 P71 0.8793 0.710 P96 -0.26 0.960 
P22 0.921 0.220 P47 0.5678 0.470 P72 0.8713 0.720 P97 -0.421 0.970 
P23 0.928 0.230 P48 0.5429 0.480 P73 0.8679 0.730 P98 -0.463 0.980 
P24 0.921 0.240 P49 0.5254 0.490 P74 0.8545 0.740 P99 -0.625 0.990 
P100 -0.8 1.000 
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Table 2.6: The Results from Scenario 4 
Portfolio 
Choice # 
Return Risk Portfolio 
Choice # 
Return Risk Portfolio 
Choice # 
Return Risk Portfolio 
Choice # 
Return Risk 
P0 0 0.000 P25 0.7636 0.250 P50 0.5978 0.500 P75 0.1772 0.750 
P1 N/A 0.010 P26 0.76 0.260 P51 0.5849 0.510 P76 0.162 0.760 
P2 0.3228 0.020 P27 0.7572 0.270 P52 0.5769 0.520 P77 0.1444 0.770 
P3 0.1499 0.030 P28 0.7495 0.280 P53 0.5735 0.530 P78 0.1291 0.780 
P4 0.5099 0.040 P29 0.7501 0.290 P54 0.5601 0.540 P79 0.1116 0.790 
P5 0.3314 0.050 P30 0.7385 0.300 P55 0.5525 0.550 P80 0.0867 0.800 
P6 0.4866 0.060 P31 0.7357 0.310 P56 0.5459 0.560 P81 0.0208 0.810 
P7 0.562 0.070 P32 0.7235 0.320 P57 0.4395 0.570 P82 0.0056 0.820 
P8 0.562 0.080 P33 N/A 0.330 P58 0.426 0.580 P83 -0.132 0.830 
P9 0.5799 0.090 P34 0.7212 0.340 P59 0.4184 0.590 P84 -0.149 0.840 
P10 0.5799 0.100 P35 0.7276 0.350 P60 0.4104 0.600 P85 -0.166 0.850 
P11 0.5799 0.110 P36 N/A 0.360 P61 0.407 0.610 P86 -0.192 0.860 
P12 0.5799 0.120 P37 N/A 0.370 P62 0.3935 0.620 P87 -0.209 0.870 
P13 0.5468 0.130 P38 0.7197 0.380 P63 0.3854 0.630 P88 -0.236 0.880 
P14 0.5468 0.140 P39 0.7119 0.390 P64 0.3768 0.640 P89 -0.28 0.890 
P15 0.5145 0.150 P40 0.7085 0.400 P65 0.3634 0.650 P90 -0.305 0.900 
P16 0.5145 0.160 P41 0.7016 0.410 P66 0.31 0.660 P91 -0.323 0.910 
P17 0.5145 0.170 P42 0.6982 0.420 P67 0.2966 0.670 P92 -0.348 0.920 
P18 0.48 0.180 P43 0.6906 0.430 P68 0.2885 0.680 P93 -0.366 0.930 
P19 0.5141 0.190 P44 0.6314 0.440 P69 0.275 0.690 P94 -0.392 0.940 
P20 0.716 0.200 P45 0.6238 0.450 P70 0.2603 0.700 P95 -0.453 0.950 
P21 0.8095 0.210 P46 0.6204 0.460 P71 0.2427 0.710 P96 -0.479 0.960 
P22 0.6946 0.220 P47 0.6126 0.470 P72 0.2276 0.720 P97 -0.57 0.970 
P23 0.7427 0.230 P48 0.6092 0.480 P73 0.2101 0.730 P98 -0.597 0.980 
P24 0.764 0.240 P49 0.6012 0.490 P74 0.1948 0.740 P99 N/A 0.990 
P100 -0.8 1.000 
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Figure 2.1 (The IT Portfolio Efficient Frontier for Scenario 1--Return) 
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Figure 2.2 (The IT Portfolio Efficient Frontier for Scenario 2--Return) 
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Figure 2.3 (The IT Portfolio Efficient Frontier for Scenario 3--Return) 
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Figure 2.4 (The IT Portfolio Efficient Frontier for Scenario 4--Return) 
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Figure 2.5 (The IT Portfolio Efficient Frontier for Scenario 1-- Strategic Impact) 
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Figure 2.6 (The IT Portfolio Efficient Frontier for Scenario 1-- Synergistic Impact) 
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Figure 2.7 (The IT Portfolio Efficient Frontier for Scenario 2--Strategic Impact) 
 
 
 
-1.00
-0.80
-0.60
-0.40
-0.20
0.00
0.20
0.40
0.60
0.80
1.00
S
tr
a
te
g
ic
 I
m
p
a
ct
Risk Tolerance Level
74 
 
 
Figure 2.8 (The IT Portfolio Efficient Frontier for Scenario 2—Synergistic Impact) 
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Figure 2.9 (The IT Portfolio Efficient Frontier for Scenario 3—Strategic Impact) 
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Figure 2.10 (The IT Portfolio Efficient Frontier for Scenario 3—Synergistic Impact) 
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Figure 2.11 (The IT Portfolio Efficient Frontier for Scenario 4— Synergistic Impact) 
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Figure 2.12 (The IT Portfolio Efficient Frontier for Scenario 4—Synergistic Impact) 
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Appendix A 
 
 
Proof for proposition 1:  
First, we use a binary decision variable ]0,1[∈Bix to represent an IT project investment with 
lower scalability, and a continuous decision variable +∈Rxi  to represent an IT project 
investment with higher scalability. Second, since a set of continuous decision variables can 
derive the greater set of feasible solution, compared to a set of binary decision variables, for 
solving an optimization problem, we can reason that a set of IT project investments with higher 
scalability can derive greater value for the optimal IT project investment portfolio than a set of 
IT project investments with lower scalability as follows: {max ∑
=
n
i
C
ii xv
1
S.t. 0Rxr ii ≤ ,
0Cxc ii ≤ }>{max∑
=
n
i
B
ii xv
1
S.t. 0Rxr ii ≤ , 0Cxc ii ≤ } 
 
 
Proof for proposition 2: 
 
First, we use the budgetary constraint ( 0C ) to represent the level of budget.  Thus the higher 
budget for candidate IT project investments would be represented by a more easing budgetary 
constraint ( HC0 ), and the lower budget for candidate IT project investments would be represented 
by a more stringent budgetary constraint ( LC 0 ). Second, since a more easing constraint can lead 
to the greater set of feasible solution, compared to a more stringent constraint, for solving an 
optimization problem, we can reason that the higher budget for candidate IT project investments 
can derive greater value for the optimal IT project investment portfolio than the lower budget for 
80 
 
candidate IT project investments as follows: {max∑
=
n
i
iixv
1
s.t. 0Rxr ii ≤ , Hii Cxc 0≤ }>{max∑
=
n
i
iixv
1
s.t. 0Rxr ii ≤ ,
L
ii Cxc 0≤ } 
 
 
Proof for conjecture 1:  
In this case, it can only be observed by the numerical simulation, since the analytical solution for 
proving it is not feasible. 
 
 
 
